I
NTRAVENOUS (IV) RECOMBINANT tissue plasminogen activator (rt-PA) administered within 4.5 hours of symptom onset is the only effective approved therapy for acute ischemic stroke (AIS). 1, 2 The efficacy of rt-PA on clinical recovery at 3 months has been proved in different randomized clinical trials, mainly in the National Institute of Neurological Disorders and Stroke (NINDS) 3 trial for the 3-hour time window and in the European Cooperative Acute Stroke Study (ECASS III) 4 for the 3-to 4.5-hour time window. However, not all patients respond to IV therapy; failure to respond to IV therapy is usually, but not always, associated with occlusion of large arteries and lack of recanalization. Additional IV thrombolysis therapies, such as chemical and/or mechanical intra-arterial therapy, represent a promising approach to obtaining recanalization and better recovery. 5 In this context, the identification of very early predictors of neurologic recovery may help to improve selection of patients for bridging therapy combining IV and intraarterial approaches.
In a post hoc analysis of the NINDS trial, 6 a neurologic improvement of 5 or more points on the National Institute of Health Stroke Scale (NIHSS) at 24 hours allowed a significant increase in the prediction of which patients would benefit from treatment with IV rt-PA for AIS at 3 months. In addition, in a Canadian singlecenter study, 7 it was demonstrated that a major neurologic improvement (Ն8-point improvement in NIHSS score or an CME available online at www.jamaarchivescme.com and questions on page 1301
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NIHSS score of 0 or 1 at 24 hours) at 24 hours after administration of IV rt-PA in patients with AIS independently predicts favorable outcome (3-month modified Rankin Scale [mRS] score of 0-1). However, to our knowledge, there are no published data about the prognosis value of clinical improvement assessed immediately after IV rt-PA administration for AIS. Our hypothesis was that a very early neurologic improvement (VENI) defined by an improvement of 5 points or more on the NIHSS 1 hour after IV rt-PA administration might predict favorable responders to IV thrombolysis with favorable outcome at 3 months (mRS score Յ1). The VENI assessment may constitute a helpful tool to rapidly estimate the efficacy of IV treatment and, consequently, could help to quickly select the patients who could benefit from a more aggressive recanalization approach after IV rt-PA. The decision to treat with IV rt-PA was made by a strokecertified neurologist according to French guidelines 9 with the following additional exceptions: age was not a contraindication for treatment by IV rt-PA and the therapeutic window was enlarged in 2004 to 4.5 hours in selected patients after Hacke et al's meta-analysis with regard to the efficacy of rt-PA in treating AIS. 10 Treatment was initiated in the Radiological Unit or the Stroke Unit by IV rt-PA at a dose of 0.9 mg/kg (10.0% as a bolus in 1 minute, with the rest being infused during a 1-hour period). Follow-up examinations were performed in all patients according to the NIHSS and other clinical parameters at 1 (end of the infusion), 2, 3, 4, 5, 6, 7, 8, 16 , and 24 hours. All NIHSSs were performed by certified stroke neurologists. Adverse effects of IV rt-PA were noted when they occurred. Every patient underwent computed tomography at 24 hours after IV rt-PA treatment to determine the presence of intracerebral hemorrhage and the characteristics of the ischemic infarction: territory involved, extension, mass effects, and brain edema.
METHODS

PATIENTS
OUTCOMES
The VENI was defined 1 hour after the start of IV rt-PA by an NIHSS score of 0 or an improvement of 5 or more points compared with the baseline NIHSS score, so VENI was determined at the end of rt-PA infusion. Favorable outcome at 3 months was defined as a modified mRS score of 1 or less. The predictive values of VENI on favorable outcome, mortality, and the rate of asymptomatic and symptomatic intracranial hemorrhages were analyzed.
Symptomatic intracerebral hemorrhage was defined using the ECASS III study definition: any apparently extravascular blood in the brain or within the cranium that was associated with clinical deterioration, as defined by an increase of 4 points or more in NIHSS score, or that led to death and that was identified as the predominant cause of the neurologic deterioration. 4 The last follow-up was death or an mRS score at 3 months. Every patient except for 2 was seen at 3 months after the AIS by a certified stroke neurologist; the NIHSS and mRS scores were obtained by direct evaluation (118 patients) or by telephone interview (2 patients).
STATISTICAL ANALYSIS
The quantitative variables were tested using the MannWhitney test. Nominal variables were tested using the 2 test or Fisher exact test. The significance level was 0. The association among demographic characteristics, clinical variables, radiologic data, and favorable outcome at 3 months was examined using a descending stepwise logistic regression analysis. The levels of significance were .20 for the univariate phase and .05 for the multivariate phase, respectively. Discrimination of the model was assessed by the area under the receiving operating characteristic curve. Statistical analysis was performed using StatView statistical software, version 5.0 (SAS Institute Inc, Cary, North Carolina).
RESULTS
A total of 124 patients with acute ischemic stroke were treated with IV rt-PA at the Stroke Unit of Tenon University Hospital during the study period. The mean (SD) age of the patients was 64.8(14.0) years, and 77 (64.2%) were men. Four patients were excluded from this analysis for missing outcome data (2 patients because they were missing NIHSS data at 1 hour and the other 2 patients because they were missing mRS data at 3 months). Demographic and baseline characteristics of 120 patients are given in Table 1 . The mean (SD) time from symptom onset to treatment was 164 (41) minutes. In the overall sample, 3 patients (2.5%) were treated within 90 minutes of stroke onset, 90 patients (75.0%) were treated between 91 and 180 minutes, 25 patients (20.8%) were treated between 181 and 270 minutes, and 2 patients (1.7%) were treated after 4.5 hours.
Twenty-two patients (18.3%) had VENI after IV rt-PA administration. No statistically significant difference in baseline characteristics was observed between the patients with and without VENI (Table 1) . However, patients with VENI tend to experience a cardioembolic stroke less frequently and a stroke of undetermined origin more frequently.
In our cohort of 120 patients, 44 (36.7%) of them had an mRS score of 1 or lower at 90 days. Patients with VENI had a significantly better outcome statistically (PϽ .001) (Figure 1) . At univariate analysis, baseline NIHSS score, VENI, female sex, age, mean glucose level at admission, systolic and diastolic blood pressure before rt-PA administration, and cardioembolism stroke subtype according to Trial of Org 10172 in Acute Stroke Treatment were statistically associated with an mRS score of 1 or less ( Table 2) . At logistic regression analysis, VENI (odds ratio, 6.23; 95% confidence interval, 2.03-19.13; P = .001) and baseline NIHSS score (0.83; 0.76-0.91; PϽ.001) were the only 2 factors associated with favorable outcome (mRS score of Յ1). No interaction was found between the 2 covariates. Patients with VENI after IV rt-PA treatment for AIS tend to have a shorter period of hospitalization (mean [SD] length of stay, 13 [7] vs 16 [12] days; P= .36).
Asymptomatic intracerebral hemorrhage was observed in 2 patients with VENI (9.1%) and in 23 patients without VENI (23.5%) (P = .15). Symptomatic intracerebral hemorrhages at 24 hours occurred in 5 patients (4.2%). All symptomatic intracerebral hemorrhages affected the patients without VENI (P = .58). The overall mortality rate at 3 months was 14.1%, 17.3% in patients without VENI and 0% in patients with VENI (P = .07) (Figure 1) .
We used statistical and graphic methods to evaluate the fitness of the model. Discrimination of VENI was assessed by area under the receiver operating characteristic curve. We found an area under the curve of 0.67, indicating adequate discrimination (Figure 2 ). Positive and negative predictive values were 0.68 and 0.70, respectively.
We also performed analyses to explain why 32.0% of patients with VENI still had mRS scores of 2 to 6 at the 3-month mark and why 30.0% of those without VENI had a favorable outcome. The analyses are considered exploratory, so they are reported without a statistical test. The aim of our first analysis was to evaluate the outcome at 3 months according to VENI and the initial severity of stroke.
The initial severity of stroke was subdivided into 3 subgroups according to baseline NIHSS scores (0-10, 11-20, and Ն20). 11 The mean (SE) baseline NIHSS scores were 17 (2) in patients with VENI and an mRS score greater than 1 and 12 (5) in patients without VENI and an mRS score of less than or equal to 1. Patients with VENI and severe stroke had worse outcomes than patients with VENI and mild to moderate stroke. However, patients with VENI had a better recovery at 3 months than patients without VENI, regardless of the baseline NIHSS score subgroups (Figure 3) . Of the patients with an early favorable response to IV rt-PA, 14.0% had clinical deterioration after initial improvement (ie, a Ն2-point deterioration on the NIHSS after an initial Ն2-point improvement after treatment by IV rt-PA). 12 In our population the incidence of clinical deterioration after initial improvement was 13.6% (3/22) in patients with VENI, 7.1% (7/98) in patients without VENI, and 8.3% (10/120) in the overall population. In addition, 33.3% of patients with VENI and an mRS score greater than 1 experienced clinical deterioration after improvement at 24 hours as a possible reocclusion after recanalization, and 44.8% of patients without VENI and an mRS score of 1 or lower showed major neurologic improvement at 24 hours (ie, Ն8-point improvement in NIHSS score or an NIHSS score of 0 or 1 at 24 hours as a possible sign of delayed recanalization). Another exploratory analysis assessed the relationship among VENI, major neurologic improvement at 24 hours, and the mRS score at 3 months. The patients with VENI had greater chances to show major neurologic improvement at 24 hours, which is an independent predictor of favorable outcome at 3 months 7 ( Figure 4) .
COMMENT
A VENI indication at 1 hour after the start of IV rt-PA administration was observed in nearly 1 in 5 patients and was independently associated with favorable outcome (mRS score of Յ1). The VENI indication conferred a more than 6-fold increased chance of favorable outcome at 3 months. In addition, patients with VENI after IV rt-PA treatment for AIS tended to have a shorter period of hospitalization.
Different prognosis factors of favorable outcome at 3 months (mRS score of Յ1) after IV rt-PA administration in AIS had already been described: clinical, biological, or radiologic predictors. Among these prognosis factors, we can distinguish baseline characteristics (before IV rt-PA) and dynamic factors (under or after IV rt-PA) that may reflect early markers of response to treatment. Kent et al, 13 using data from 5 randomized clinical trials (n=2184) testing IV rt-PA in the 0-to 6-hour window, found 7 baseline variables that significantly affected the prognosis and/or the treatment effect of rt-PA: age, diabetes mellitus, stroke severity, sex, previous stroke, systolic blood pressure, and time from symptom onset. Saposnik et al 7 showed that major neurologic improvement (Ն8-point improvement in NIHSS score or an NIHSS score of 0 or 1 at 24 hours) at 24 hours after administration of IV rt-PA in AIS independently predicts favorable outcome (3-month mRS score of 0 to 1). In the Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution study, 14 prespecified baseline magnetic resonance imaging in patients treated with IV rt-PA for AIS can identify subgroups that are likely to benefit from treatment and subgroups that are unlikely to benefit from it and may even be harmed. Early recanalization monitored by transcranial Doppler (TCD) ultrasonography during IV rt-PA therapy has consistently been shown to predict sustained neurologic recovery and favorable outcome at 3 months. [15] [16] [17] By contrast with previous studies, our results identified an easy and very early dynamic factor assessed at the patient's bedside with a clinical routine tool (NIHSS), which may predict favorable outcome. To define VENI, we used at least a 5-point improvement of NIHSS score at 1 hour. The definition might be considered as arbitrary; however, this variable was consistent with the effects of IV treatment on AIS at 24 hours according to the NINDS. 6 On part 1 of the NINDS the clinical activity of IV rt-PA at 24 hours was tested; early improvement at 24 hours was defined as complete resolution of a neurologic deficit or an improvement from baseline in the NIHSS score of 4 or more points. 3 The originally posited 4-point threshold was too easy a target in the placebo group, so the observed differences of early improvement at 24 hours were not statistically significant between the rt-PA-treated group (47.1%) and the placebotreated group (39.1%). In a post hoc analysis of NINDS, a 5-point or more improvement from baseline in the NIHSS score at 24 hours is statistically significant in rt-PA patients compared with placebo-treated patients. 6 Favorable recovery (mRS score of Յ1) at 3 months after IV rt-PA treatment in patients with AIS was observed in 122 patients (39.1%) on the NINDS (3-hour time window) and in 219 patients (52.4%) on the ECASS III (4.5-hour time window). 3, 4 Favorable outcome in our study was achieved in 15 patients with VENI (68.2%) and in 29 patients without VENI (29.6%). Our predictable model has a significant discrimination with an area under the receiver operating characteristic curve of 0.67, a positive predictive value at 0.68, and a negative predictive value at 0.70. Bad outcome at 3 months in patients with VENI was observed especially in patients with a high baseline NIHSS score, which is strongly associated with prognosis. [18] [19] [20] [21] Another hypothesis concerning the poor outcome in some patients with VENI may be the occurrence of reocclusion after recanalization within 24 hours after IV rt-PA, which occurs in up to 15% of patients. 12 The present study has some limitations. It is a singlecenter study without external validation; therefore, our results need to be confirmed in another data set. Another limitation of our study is the lack of data with regard to early recanalization. It has been proved that recanalization assessed by TCD ultrasonography is a powerful predictor of favorable outcome after thrombolysis. [15] [16] [17] We did not perform TCD ultrasonographyenhanced thrombolysis, and we did not monitor patients with TCD ultrasonography to assess the rate of very early recanalization. We do not contend that VENI might be the only predictor of favorable outcome, but our results show for the first time, to our knowledge, that a dynamic clinical factor under therapy assessed at the end of IV rt-PA infusion can predict favorable outcome at 3 months.
A promising new approach in the treatment of AIS is bridging therapy with a dual approach: IV thrombolysis by rt-PA followed by chemical or mechanical endovascular therapy. 5, [22] [23] [24] [25] [26] [27] Our results suggest that VENI, as determined by a clinical routine tool (NIHSS) at a patient's bedside, might help to rapidly select patients who will not respond to IV rt-PA but who could be candidates for bridging therapy. The value of this dynamic clinical factor alone and in combination with the rate of recanalization by TCD needs to be confirmed in a large prospective study of patients undergoing IV thrombolysis. 
